Background: Maximum Preoperative Weight Loss (MPWL) is defined as the maximum amount of weight lost in a patient's lifetime prior to Weight Loss Surgery (WLS). We hypothesized that higher MPWL would predict greater postoperative weight loss in patients who underwent WLS.
Results:
The study included a total of 506 patients (mean age 44.9 years; 75% female). Mean self-reported weight loss across all procedures was 47.9 lbs; mean BMI was 46.7 kg/m 2 . Whole group analysis found a positive correlation between MPWL and total weight loss (P < 0.001). Subgroup analyses by procedure showed a positive correlation between BMI and MPWL at 12 months (P = 0.015).
Conclusions: maximum preoperative weight loss may be a significant predictor of total weight loss at 1 year for patients who undergo weight loss surgery.
Background
Obesity continues to be a growing epidemic worldwide [1] , one that imposes a considerable economic burden on society [2] . More than a decade ago, The National Institutes of Health (NIH) [3] reported that individuals affected by severe obesity are resistant to maintaining weight loss achieved by conventional therapies (e.g., consuming fewer calories, increasing exercise, commercial weightloss programs) [4] . Scheen et al. Approached the complexity of obesity, its physiology and relationship with insulin resistance and the emphasized the importance of a multi-system, multi-disciplinary approach to combating obesity and diabetes [5] . Since that time, weight loss surgery has become the most effective and durable treatment for obesity and its comorbidities [1, 6] .
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Most studies demonstrate that more than 90% of individuals previously affected by severe obesity are successful in maintaining 50% or more of their excess weight loss following bariatric surgery; among those affected by super severe obesity, more than 80%are able to maintain more than 50% excess body weight loss [4] . With the advent of laparoscopy, mortality rates are now under 1 per 1400 cases in accredited centers [7] .
Much research has been done on preoperative factors that contribute to long-term weight loss. Parri et al. [8] found that regardless of preoperative percent of excess weight loss, younger age, lower BMI, and gastric bypass were independent predictors of long-term weight loss on patients who underwent laparoscopic Roux-en-Y gastric bypass and laparoscopic sleeve gastrectomy. Sethi et al [9] . showed that previous weight loss appeared to be a significant predictor of weight loss after laparoscopic adjustable gastric banding. However, Pekkarinen et al [10] . reported that larger preoperative weight loss predicted less postoperative weight loss out to two years after gastric bypass compared with sleeve gastrectomy.
Although many studies have been carried out on the effects of preoperative weight loss on long-term outcomes of various surgical procedures, results have been inconsistent. To our knowledge, no research has been done on the impact of Maximum Preoperative Weight Loss (MPWL), or weight lost in a patient's lifetime prior to weight loss surgery.
This study included long-term outcomes of Roux-en-Y gastric bypass (laparoscopic or open), laparoscopic adjustable gastric banding, and laparoscopic sleeve gastrectomy. To address whether MPWL has an effect on long-term weight loss across this range of surgical procedures, we designed a retrospective study that measured MPWL, with postoperative follow-up at 3, 6, and 12 months. Our primary hypothesis was that the higher the MPWL, the greater the long-term weight loss.
Methods

Subjects
Men and women between the ages of 19 and 70 years who met NIH consensus criteria [9] for weight loss surgery (BMI > 40 kg/m 2 or BMI of 35-40 kg/m 2 with high-risk obesity-related comorbidities) were included in the study. Each had undergone laparoscopic band, sleeve gastrectomy, or Roux-en-Y gastric bypass between 2004-2012 at an academic medical center. Each provided a self-report of MPWL, which is defined as the maximum amount of intentional weight loss achieved using a variety of diets, exercise, medications and other regimen. The period of attempted weight loss spanned adolescence to the time of preoperative evaluation. Data was self-reported and collected via pre-operative interview by the surgeon. Other intake variables included ethnicity, other comorbidities, such as hypertension, coronary artery disease, pulmonary disease (such as asthma, obstructive sleep apnea), history of smoking or alcohol use, and diabetes mellitus. Patients who had previous weight loss surgery were also included, though this group consisted of a small minority of patients (less than 1% of the cohort). Exclusion criteria included patients whose pre-operative evaluation did not include "maximum preoperative weight loss." Female subjects used adequate contraception for the duration of the study. Pre-operative weight loss target of 10-15% was encouraged but not mandatory for patients; no specific pre-operative weight loss protocol was enforced, i.e. very-low calorie diet or other restrictive diets. This immediate pre-operative weightloss during evaluation was not included as part of 'maximum preoperative weight loss'.
Methods
The IRB for this study is also referred as the 'Committee on Clinical Investigation' and is based in the Beth Israel Deaconess Medical Center, Boston, MA, 02215. Informed consent to participate in the study was obtained as part of the patient's initial intake and written surgical consent.
We removed all potential identifying information, and assigned each patient a unique identifier. Each patient underwent a preoperative workup that included the collection of data on MPWL, BMI, weight (lbs.), gender, and prior history of weight loss surgery. All patients were evaluated by a nutritionist and a surgeon at 3, 6, and 12 months. Data collected at each standardized postoperative visit included current BMI, weight (lbs.), excess weight loss and percentage of excess weight loss, and total weight loss and percentage of total weight loss. Specific calculations for excess weight loss and percentage of excess weight loss are as follows and were recorded but not included in our final data analysis:
Excess weight loss (lbs) = Current weight -Ideal body weight.
Percentage of excess weight loss = [(Initial Weight) -(Postoperative weight)]/[(Initial Weight)-(Ideal body weight)]
Statistical analysis
All analyses are for patients completing the full 12-month study; 3-month and 6-month analyses were included for those that did not complete the full 12-month study (139 patients or approximately 27% over the span of the 8 years of collected data). We used STATA® (College Station, Texas USA) to run a series of tests that included Pearson's coefficient r to evaluate the relationship between maximum preoperative weight loss and total weight loss with p value of <0.05. Maximum pre-operative weight loss was divided into categories of 0-40lb., 41-80lb. up to 280lb in order to create categories appropriate for a logistic regression. Logistic regression was used to identify whether maximum preoperative weight loss predicted postoperative weight loss outcomes. Multiple regression was used to identify a relationship between maximum preoperative weight loss, age, gender, type of procedure, BMI and postoperative total weight loss, excess weight loss, and post-operative BMI at 3, 6 and 12 months.
Patients were split into surgical groups based on the respective procedure, which was determined by a combination of surgeon recommendation, patient preference and insurance approval. They then underwent laparoscopic banding, laparoscopic sleeve gastrectomy, or Roux-en-Y gastric bypass (open or laparoscopic) procedures. All procedures were performed by one surgeon with generalized standard bypass length of 150cm for a Roux-en-Y gastric bypass; the majority of procedures were performed laparoscopically.
Results
Preoperative
A total of 506 individuals met NIH criteria [9] for weight loss surgery. Their mean age was 44.9 years; mean BMI was 46.7 kg/m 2 . Approximately 75% of patients were female. Minimum preoperative BMI ranged from 34.3 kg/m 2 to 80.7 kg/m 2 . All pa-tients received a nutritional, psychosocial, and medical screening prior to surgical evaluation by a board-certified weight loss surgeon. Laparoscopic band procedures numbered 309 (61.0%), followed by 181 (35.8%) for Roux-en-Y gastric bypasses, and 16 (3.2%) for laparoscopic sleeve gastrectomies. Minimum MPWL ranged from 0 to 270 lbs. Mean MPWL was approximately 49 lbs (Table 1) .
Postoperative
Mean MPWL for patients who underwent laparoscopic gastric band placement was 45 lbs. It was 56.2 lbs. for those who had Roux-en-Y gastric bypass, and 49.3 lbs. for those who had laparoscopic sleeve gastrectomies.
Patients who underwent laparoscopic gastric banding had less postoperative weight loss at all follow-up intervals, with a mean 12-month weight loss of 46.4 lbs. Those who had laparoscopic sleeve gastrectomy achieved weight loss of approximately 70 lbs. at the 6-month follow-up, with a mean weight loss of 71.7 lbs. at 12 months. Roux-en-Y gastric bypass produced the greatest amount of weight loss at all follow-up intervals, with a mean 12-month weight loss of 92.9 lbs (Figure 1a ).
Total excess weight loss was lowest for laparoscopic banding patients; 38 lbs. at 12 months. At 1-year post-surgery, total excess weight loss for those who underwent laparoscopic sleeve gastrectomy and Roux-en-y gastric bypass were almost the same, with respective figures of 63 lbs. and 64 lbs (Figure 1b ).
Across all procedures and follow-up intervals, MPWL was positively associated with postoperative total weight loss (see Figures 2a, 2b) . Whole group analysis identified a positive correlation between MPWL and 12-month total weight loss (P < 0.011, r=0.10). Subgroup analyses by procedure showed a positive correlation between MPWL and 12-month total weight loss (for RNYGB, P < 0.015, r=0. 21) . No specific amount of MPWL (which was grouped in categories of 40 lbs. intervals (0-40 lbs., 41-80 lbs. up to 280lb.), was a significant predictor of postoperative weight loss between specific surgical groups or for all procedures as a whole. 
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Discussion
In this study, MPWL was a significant predictor of postoperative total weight loss for all surgical procedures and follow-up periods. Along with BMI, it was also a significant positive predictor of 12-month weight loss across the full cohort of patients who underwent Roux-en-Y gastric bypass, laparoscopic sleeve gastrectomy, or laparoscopic adjustable banding.
Many predictive measures of weight loss after various bariatric surgeries have been studied, including preoperative BMI and Health-Related Quality of Life (HRQOL) scores [12] , timing of laparoscopic gastric bypass or sleeve gastrectomy [13] , preoperative weight loss immediately before surgery [14, 15] , and other variables ranging from preoperative gut hormone responses to a standard meal before Roux-en-Y gastric bypass [16] to pre-surgical cortical activation to food pictures [17] .
Saboor et al [12] . found that QOL scores prior to laparoscopic gastric banding did not have predictive value for excess weight loss 1 year out, but BMI had a significant, positive, and independent association. Ortega et al [13] . showed that prompt early referral for bariatric surgery was associated with greater weight loss. Livhits et al [14] . and Gerber et al [18] . reported that preoperative weight loss appeared to be associated with greater postoperative weight loss.
Repeated measures analysis showed that black, mixed, and missing races (combined) in comparison with the white race were associated with a decreased percent weight loss and less likelihood of a higher and sustained percent weight loss; and less obese patients were less likely to have higher and sustained percent weight loss after Roux-en-y gastric bypass surgery [19] . Recently, Manning et al [20] identified early postoperative weight loss as a predictor of maximal weight loss after sleeve gastrectomy and Roux-en-Y gastric bypass.
In perhaps the largest trial to date, Benoit et al [21] . used the Bariatric Outcomes Longitudinal Database (BOLD) to determine the contributions of various predictors to the large variations in absolute weight loss and percent BMI loss after bariatric surgery. They found that the key predictors for absolute weight loss at 12 months were procedure (44.8%) and baseline weight (18.5%), with 32.4% of the variability unexplained. Other sig- nificant predictors (i.e., age, race, diabetes) accounted for <1% of variability.
These findings indicate that research on additional sources of variability is still needed to help explain the remaining differences in outcomes after weight loss surgery [21] ; that further studies are necessary to investigate whether preoperative factors can predict a clinically meaningful difference in weight loss after bariatric surgery [22] . The identification of predictive factors may improve patient selection and help develop interventions that target the specific needs of patients [22] .
This study has a large number of limitations, including small sample size and uneven distribution of patients among the various surgeries. The sample includes a greater number of women than men, so it is uncertain whether results can be applied to men given the physiologic changes of peri-partum weight gain and loss in females. Pregnancy weight loss and gain was not accounted for in the initial intake and could have certainly influenced maximum pre-operative weight loss. Since patients were all treated at a single academic medical center, outcomes may not be generalizable to other environments. Follow-up of weight loss surgery patients may be hampered by the collection of data solely through visits with the patient's bariatric surgeon, and the associated loss of follow-up among patients with treatment failure is a potential source of unmeasured bias in the analysis of long-term studies [23, 24] . The length of the study at one year limits the evaluation of more long-term weight loss, which ideally would be measured at 5 to 10 years. In addition, self-report data can be highly inaccurate [25] and can be influenced by several factors as pregnancy, history of malignancy and administration of chemotherapy, etc.. These alternate factors should be considered and were not extensively evaluated in the pre-operative survey. We would also like to note that there are extensive physiologic differences and variability in weight loss for a 25 year-old versus 60 year-old patient, and that this area, under powered in this study, is of great interest as our populations continue to age with maintenance of multiple comorbidities that can affect weight loss outcomes.
We included patients who underwent laparoscopic sleeve gastrectomies; this group contributed to a small percentage of the overall cohort of patients (<5% at the time of this study in early 2010), but we felt that given the increasing popularity and success with sleeve gastrectomy at this point, we opted to include this cohort as it has eventually become one of the most prevalent weight loss procedures within the group practice and across the United States.
Lastly, we also included patients who had previous weight loss surgery though this group consisted of a small minority of patients (less than 1% of the cohort). We felt that because they contributed to such a small portion of the total patient population, it would not significantly affect our results, though we did consider this as a potential outlier. It is highly probable that the maximum preoperative weight loss of these patients was augmented by their first weight loss surgery with eventual regain within a few years. Besides the other factors that contribute to weight regain (pouch size, changes to high-calorie, low volume foods), these patients are also interesting in their biology and psychosocial adaptations to weight loss surgery. These patients remain a small minority but their struggles with maintaining weight loss despite maximal measures point towards a complex problem that requires a multi-disciplinary approach.
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Conclusions
Overall, this study suggests that MPWL is a significant predictor of 12-month weight loss outcomes after Roux-en-Y gastric bypass, laparoscopic gastric banding, and laparoscopic sleeve gastrectomy. This information can serve as a springboard to future studies on the clinical utility of MPWL as a predictive outcome variable.
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